Objectives: Cleaning and shaping of the root canal system is an important step in endodontic therapy. New instruments incorporate new preparation techniques that can improve the efficacy of cleaning and shaping. The aim of this study was to compare the efficacy of Mtwo and RaCe rotary file systems in straightening the canal curvature using only one file or the conventional method. Materials and Methods: Sixty mesial roots of extracted human mandibular molars were prepared by RaCe and Mtwo nickel-titanium (NiTi) rotary files using the conventional and only one rotary file methods. The working length was 18 mm and the curvatures of the root canals were between 15-45°. By superimposing x-ray images before and after the instrumentation, deviation of the canals was assessed using Adobe Photoshop CS3 software. Preparation time was recorded. Data were analyzed using three-way ANOVA and Tukey's post hoc test. Results: There were no significant differences between RaCe and Mtwo or between the two root canal preparation methods in root canal deviation in buccolingual and mesiodistal radiographs (P>0.05). Changes of root canal curvature in >35° subgroups were significantly more than in other subgroups with smaller canal curvatures. Preparation time was shorter in one file only technique. Conclusion: According to the results, the two rotary systems and the two root canal preparation methods had equal efficacy in straightening the canals; but the preparation time was shorter in one file only group.
INTRODUCTION
One of the main objectives of root canal preparation is cleaning and shaping of the root canal system, while retaining the original shape of the canal without creating iatrogenic events, such as instrument fracture, apical transportation, ledge or perforation [1] .
Deviation from the original canal path and occurrence of apical transportation are some of the procedural errors during root canal preparation. Stainless steel hand instruments are especially more prone to produce these mishaps, due to the stiffness of the file and intense lateral pressure on the walls of the canals [2] . In the recent decades, many new systems and techniques have been introduced for the preparation of root canals with Ni -Ti rotary instruments. Also, a number of rotary NiTi instruments with different designs and shapes have been developed for easier root canal preparation and reducing the operating time. Many of these systems have been investigated with regard to their efficacy in cleaning and shaping of root canals, safety and function [3, 4] . These systems reportedly maintain the main canal form with the least canal transportation [5] . Yared used F2 ProTaper for single file canal preparation in reciprocating motion, despite the fact that this system has not been designed for this motion [6] . In 2008, both WaveOne (Dentsply Maillefer, Ballaigues, Switzerland) and Reciproc (VDW, Munich, Germany) were internationally launched as single-file shaping techniques. These files need specifically engineered and programmed motors to drive in reciprocating motion [7] . This study introduces a method of canal preparation with only one rotary file discarded after a single use. This method needs only one file, reduces the cost and time of canal preparation, increases the accuracy of work and does not need a special expensive engine motor in contrary to the WaveOne and Reciproc systems. RaCe (reamer with alternating cutting edges) rotary files have a noncutting tip and a triangular cross-section. Alternating cutting edges avoid the screwing effect and have the advantage of operating with extremely low torque. This instrument can produce centered canal shapes and adequately clean and shaped canals [8] . Mtwo instruments have a S-shaped crosssectional design, a noncutting safety tip, positive rake angle with two cutting edges and increasing pitch length from the tip to the shaft. This design prevents the screwing effect in continuous rotation and reduces the extrusion of debris beyond the apex [5] . Some previous studies reported that Mtwo (VDW, Munich, Germany) and RaCe (FKG Dentaire SA, La Chaux-de-Fonds, Switzerland) rotary file systems maintained the root canal curvature, were associated with few instrument fractures, were more rapid than the manual techniques and were easy to use [3] [4] [5] . The aim of this study was to compare the efficacy of Mtwo and RaCe rotary file systems in straightening the canal curvature using only one file or the conventional method.
MATERIALS AND METHODS
In this experimental study, 60 recently extracted human mandibular first and second molars were collected and kept in normal saline. Mature teeth without visible apical resorption or cracks and with separate mesial and distal roots were selected. The roots with multiple or abrupt apical curvatures with less than 3 mm radius were excluded. The teeth were immersed in 5.25% sodium hypochlorite solution for 30 minutes and then stored in 1% chloramine T solution for one week. The teeth were kept in saline during the course of study. After access cavity preparation, apical patency of both mesiobuccal and mesiolingual root canals was examined using a #10 K-file. All teeth with mesial roots with mesiodistal curvature over 15° were included. Then, based on the degree of mesiodistal canal curvature (<25°, >25° and <35°, and >35°) three groups (n=20) were created. Finally, each group was divided into four subgroups (n=10 mesial canals each). The access cavity was sealed with Cavit (DeTrey/ Dentsply, Konstanz, Germany) after placing a cotton pellet in it and then the root apex was covered with a small piece of wax. Then, the roots were embedded in molds filled with self-polymerizing acrylic resin. To determine the working length, a #15 K-file was inserted into the canal 1 mm short of the radiographic apex.
Occlusal surfaces of the teeth were flattened using a 0.5 mm-thick diamond disk (D & Z, Berlin, Germany) to achieve a working length of about 18 mm and a reliable reference point during canal preparation. The radiographs were taken using a digital radiography sensor (Kodak RVG 5100 Digital Radiography System, Eastman Kodak Co., Trophy Radiology, Marne-la-Vallée, France) and a platform (Fig. 1) , which stabilized the mounted teeth and enabled the superimposition of preand post-instrumentation radiographs [9] . Next, #15 K-file was inserted into the canal and the initial radiograph was taken using a digital radiography sensor and a radiographic device (X-genius, de Gotzen, Roma, Italy) with 70 kVp, 8 mA and 0.3 seconds exposure settings and a cylindrical 12-inch tube. The initial radiographs were obtained in both buccolingual and mesiodistal directions. Root curvatures were determined using Schneider's method [10] and Adobe Photoshop CS3 Extended (Middle East version 10.0) software program. Root Canal preparation was done using RaCe (FKG, Lachaux-de-Fonds, Switzerland) and Mtwo (VDW, Munich, Germany) systems in the conventional method or with the use of only one file. Initially, all the mesial canals were prepared with #10 and #15 K-files and Well-Prep (Vericom Co., Anyang, Korea) was used as a lubricant.
In the subgroup 1, the mesial canals were prepared using Mtwo files and the conventional method. Mtwo files including 10/0.04, 15/0.05, 20/0.06 and 25/0.06 were used, respectively in single-length technique according to the manufacturer's instructions. In the subgroup 2, mesial canals were prepared with only one rotary Mtwo File 25/0.06. In this technique, after the initial preparation with #10 and #15 K files, Mtwo File 25/0.06 was introduced into the canal. The coronal two-thirds of the canal was prepared with active working on the walls without excessive pressure on the tip of the file. After this pre-flaring and determination of the new working length, the file was used for preparation of the entire length of the canal. If the rotary file did not reach the working length, #20 K-file was used with watch-winding and pulling motion until it reached the working length. Then, the preparation was continued with Mtwo File 25/0.06 until reaching the apex. Canal irrigation was done with %5.25 sodium hypochlorite using Max-i-Probe 30-gauge needle (Dentsply, Elgin, Illinois, USA). Finally, the canals were irrigated with %17 EDTA (Ariadent, Asia Chemi Teb Co., Tehran, Iran) followed by %5.25 sodium hypochlorite to remove the smear layer. In the subgroup 3, the canals were prepared using RaCe rotary files numbers 40/0.10, 35/0.08, 25/0.06, 25/0.04 and 25/0.02, respectively. When the file #25/0.06 reached to the working length, the canal preparation was considered complete. In the subgroup 4, the canals were prepared with only one rotary RaCe file # 25/0.06 using the new method described for the subgroup 2. A postgraduate student prepared all canals. In all groups, each file was used for preparing two roots or four root canals and in case of any change in the appearance of the file it was discarded. To compare the changes in canal curvatures, a #25 K-file was introduced into each canal and the radiographs were obtained in buccolingual and mesiodistal directions. Digital radiographs were saved in JPEG format. Pre-and post-preparation images were superimposed using Adobe Photoshop CS3 Extended (Middle East version 10.0) software. Changes in canal curvatures were recorded as deviation from the original canal curvature. If the two files were seen separately at the apical third on the superimposed radiograph, it was considered as a deviation from the original path that is apical transportation [11] ( Fig. 2A and 2B ). Preparation time for each canal including instrumentation, irrigation and changing the instruments was recorded using a digital chronometer. The number of fractured instruments was recorded for all the systems and techniques.
The measurements were made blindly and the data were recorded using SPSS version 16 software (Microsoft, IL, USA). Data analysis was done with three-way ANOVA and Tukey's post hoc test.
RESULTS
The Kolmogorov-Smirnov test confirmed that the data had normal distribution. The homogeneity of variances was tested with Levene's test and there were no significant differences among the variances of the groups. Table 1 shows deviations in the buccolingual dimension. Regarding the mean deviation of canal curvature in buccolingual direction (Table 1) , there was no significant difference between Mtwo and RaCe (P=0.716) or between the two canal preparation techniques (P=0.586).
Comparison of deviation of canal curvature in subgroups (25-35° curvature, greater than 35° and less than 25°) revealed a significant difference (P<0.001), and the highest rate of curvature changes was observed in >35° subgroup. There were no significant differences in the buccolingual dimension for the following interactions: file type and preparation method (P=0.302), preparation method and degree of canal curvature (P=0.743), file type and degree of canal curvature (P=0.377) and finally the interaction of preparation method, file type and degree of canal curvature (P=0.285). Table 2 shows deviations of canal curvatures in the mesiodistal direction. There was no significant difference between Mtwo and RaCe (P=0.550) or between the two canal preparation methods regarding the deviation of canal curvature in the mesiodistal direction. However, comparison of deviation of canal curvature in subgroups (25-35° curvature, greater than 35° and less than 25°) revealed significant differences (P<0.001) and the highest rate of curvature changes was observed in the subgroup with curvature >35°.
There were no significant differences in the mesiodistal direction for the interactions mentioned earlier. Assessment of canal straightening in both buccolingual and mesiodistal directions was performed with the purpose of describing the three-dimensional morphological changes during root canal preparation. Acceptable range for transportation of the apical foramen has not been evaluated; although an earlier study suggests that straightening of canals in the range of 5°-7.7° is acceptable [17] . Another study reported that apical transportation more than 300 micrometers can have an adverse effect on the seal of root canal fillings [18] . Only one file (Mtwo #25/0.06) broke in our study during preparation with the conventional method in a mesiobuccal canal with a curvature of >35°. File fracture is still a serious concern in the use of Ni-Ti rotary instruments because most fractures occur without any visible deformation [19] . Because of the low incidence of file fracture, no conclusion has been drawn regarding the higher tendency of one specific rotary system for breakage [19] . The rate of rotary file fracture has reported to be 3 to 5% [20] . Similar to our study, Paque et al, [21] Schirrmeister et al, [12] and Aguiar and Camara reported the fracture of two Mtwo files #25/0.06 in their study. Possible reasons for these fractures may be related to the usual way of using this system in single-length; thus, the entire length of the file is under stress. This is likely to increase the risk of blocking of the file in the depth of the canal [23] . In fact, torsional fracture occurs when the file shaft rotates and some parts of the instrument are blocked in the canal [24] . However, caution must be taken during the use of Mtwo files because there is a high incidence of permanent deformation in the file in >35° curved canals.
Therefore, the files should be carefully evaluated every time they are going to be used and files with permanent deformation must be discarded [25] . In our study, the time of canal preparation was lower for Mtwo files in both canal preparation methods; but there was no statistically significant difference between Mtwo and RaCe in this regard. In both systems when only one rotary file was used, the preparation time was significantly less than that in the conventional method due to the use of fewer files and less time required for changing the files. In a previous study, Mtwo system maintained the original canal curvature significantly better than K3 or RaCe systems and it was significantly faster than them regarding canal preparation [26] . Faster canal preparation may be related to the design of Mtwo file with a Sshaped cross-section and positive rake angle that can effectively cut dentin [5] . In our study, the double radiography technique was used to evaluate the deviation from the main canal curvature. In the buccolingual and mesiodistal directions, there were no significant differences between the two files or preparation techniques. 
